Purpose: The purpose of the present systematic review is to identify the interventions that improve hand hygiene compliance (HHC) specifically among nurses. Methods: A systematic review was performed guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses to evaluate the short and long-term effects of interventions to promote hand hygiene practices among nurses in the hospital setting. A search of the Cumulative Index to Nursing and Allied Health Literature, Medline Global Health, and Embase was conducted in addition to studies identified by the most recent systematic review. Six studies met inclusion criteria: three randomized controlled trials (RCTs), one controlled before and after studies (CBAs), and two interrupted times series (ITS). Findings: One RCT reported effectiveness and 6-month sustainability of the effect related to multimodal-directed and multimodal with team leadershipdirected strategies. The other two RCTs found positive effect of education and feedback on compliance; however, compliance rates declined after 1 month. Education was also found to improve HHC up to 3 months postintervention. An electronic reminder and feedback system evaluated by an ITS improved HHC and detected variation in HHC through the day. Conclusions: This review showed that single and combined interventions do improve hand hygiene practices among nurses; however, there is a need for more methodologically robust studies to define the most effective and sustainable interventions. Clinical Relevance: Although hand hygiene is the most effective measure to prevent healthcare-associated infections, compliance with hand hygiene remains low. Nurses are among the healthcare providers who spend the most time in direct patient contact. Therefore, there is a need for research to identify the interventions that improve HHC in this group.
be as high as US$9.8 billion yearly (Zimlichman et al., 2013) . Although hand hygiene is considered to be the most effective strategy to reduce the rates of HAIs, compliance rates remain inadequate (Luangasanatip et al., 2015) . This has major repercussions on patient outcomes, including increased length of stay, morbidity, and mortality, and it has a financial impact on the healthcare system (Kwon, Olsen, Dubberke, 2015; Levchenko, Boscart, & Fernie, 2011) .
Since 2001, three major systematic reviews have been published on the effectiveness of interventions to improve hand hygiene compliance (HHC) among healthcare workers (HCWs). HHC is defined as performing hand hygiene when there is a recommended indication or opportunity (Shekelle et al., 2013) . A 2010 Cochrane systematic review, which was an update of a 2007 review, found that there was insufficient evidence of interventions to improve hand hygiene in the hospital setting (Gould, Moralejo, Drey, & Chudleigh, 2010) . Recently, Luangasanatip et al. (2015) conducted a systematic review and meta-analysis to evaluate the relative efficacy of the World Health Organization 2005 campaign (WHO-5) and other interventions to promote HHC among HCWs in the hospital setting and summarized associated information related to use of resources. They reviewed 41 studies published up to February 2014 and focused on randomized trials and high-quality nonrandomized studies. The reviewers concluded that promotion of hand hygiene with WHO-5 is effective at increasing compliance in healthcare workers; however, there is potential for further improvements that can be made with the addition of goal setting, reward incentives, and accountability.
The last three systematic reviews published on this topic did not report analyses or conclusions based on the type of HCW. This information is important to know when designing interventions to improve compliance since several studies have reported differences in compliance rates related to the type of HCW (Mayon-White, Ducel, Kereselidze, & Tikomirov, 1988; Sharma, Sharma, & Koushal, 2012; Shekelle et al., 2013) . Moreover, some studies have indicated that cultural norms play a role in compliance rates of HCWs (Barrett & Randle, 2008) .
Nurses are among the healthcare providers who spend the majority of their time in direct patient contact and thus have greater opportunities to perform hand hygiene (Sharma et al., 2012) . There is a need to report on interventions to promote HHC among nurses in the hospital setting. Therefore, given the limited data related to nurses this knowledge synthesis in the format of a systematic review was conducted. This systematic review sought to determine what are the short-and long-term effects of interventions to improve HHC among nurses in the hospital setting.
Methods

Inclusion and Exclusion Criteria
Type of studies. Studies were restricted to randomized controlled trials (RCTs), controlled before and after studies (CBAs), and interrupted times series (ITS) that investigated the effectiveness of interventions to improve HHC in the acute care setting. Recommendations from the Cochrane Effective Practice and Organization of Care Group (EPOC) for study design characteristics were applied. For an interrupted time series to be included in this review, the duration of the intervention had to be clearly specified and there must have been a minimum of three data collection points at baseline and at least nine at the end of the intervention.
Studies focusing on the compliance of healthcare providers in general were included if they included statistical analysis specific to nurses. Interventions for nurses in the operating room were excluded because of this environment's specificity with regards to hand hygiene practices. Studies with students were also excluded. Only reports in English were included in this review.
Type of participants. The population of interest was nursing personnel, which included registered nurses both bachelor and college educated, advanced practice and licensed practical nurses, nursing assistants, and patient care attendants. In the text, nursing personnel are referred to as "nurses."
Type of interventions. Interventions consisting of
any strategy targeting promotion of hand washing in the hospital setting were considered. The intervention could be targeting exclusively HHC or include it as one of its elements. Single-or multifaceted programs including but not limited to education, system change, feedback, workplace reminders, and strategies to improve institutional safety climate, infection control, or universal precautions were included; however, if it was indicated that direct observation was the only intervention, then it was excluded. Studies carried out in a simulated environment or outside of the hospital setting were excluded.
Type of outcome measures. Studies reporting a wide range of criteria for evaluating an intervention's effect on HHC were considered. Trials that indicated direct or unobtrusive observation, electronic monitoring, or video recording to measure HHC rates were eligible for review. Unobtrusive observation is considered to be the best method to evaluate HHC because direct observation is associated with a higher risk of having a Hawthorne effect-the risk of participants altering their behavior due to knowledge of being observed (Huis et al., 2013) . Proxy indicators of hand washing rates, such as the amount of hand sanitizer used before and after the intervention, were also eligible for inclusion. Studies that measured HHC based on self-report were excluded because of the tendency to have an inaccurate perception of one's own rates of HHC (Gould et al., 2010) .
Information sources. The most recently published systematic review by Luangasanatip et al. (2015) , on interventions to improve HHC among healthcare workers, was used as the starting point. Their review included research published up to February 2014. In addition to searches in electronic databases, studies included in the review by Luangasanatip et al. (2015) that provided welldefined data related to nurses were included.
Search strategy.
A two-stage search strategy was used. Firstly, seven studies identified by Luangasanatip et al. (2015) as trials to improve HHC in nursing personnel were included. Secondly, the following electronic databases were searched: Cochrane central register of controlled trials, Medline, Embase, and the Cumulative Index to Nursing and Allied Health Literature (CINAHL). Search terms were related to the research question and included terms such as hand washing, hand hygiene, hand clean, and hand decontaminate in combinations with nurse and nursing staff. Luangasanatip et al.'s (2015) review included studies published up to February 2014; thus, the search period for this review was from February 2014 to present in order to include newer studies. Four hundred thirteen articles were identified (Medline n = 63, CINAHL n = 100, Global Health n = 37, Embase n = 213) and yielded 303 articles after the removal of duplicates.
Three reviewers screened the titles and abstracts of the citations obtained from the search to assess the eligibility based on inclusion and exclusion criteria. Disagreements were resolved by discussion until a consensus was reached. The data set for the second screening was arbitrated by the research advising team. Four studies were identified by the electronic search and underwent a second screening.
Data extraction process.
Eleven studies were identified as eligible for a second screening. Full texts were independently reviewed by two researchers. Data were reviewed by the research team and seven studies were deemed eligible for inclusion. One study that was initially eligible for inclusion was a short conference report that did not explicitly state if nurses were the main participants. To clarify this ambiguity, an email was sent to the authors to obtain the full text; however, they did not respond. Therefore, this study was excluded from the review.
Assessment of risk of bias in included studies.
To ascertain the internal and external validity of selected studies, criteria for EPOC bias assessment for RCTs and ITS studies were used. The assessment of bias for RCTs was based on the following criteria: evaluation of random sequence and allocation concealment, blinding of participants and investigators, control of covariance by baseline outcome and group characteristics measurements, cross-contamination between control and experimental groups, selective reporting, and addressing incomplete data or attrition rates by researchers. For the assessment of bias for ITS study designs, the following aspects were evaluated: control for other changes occurring along with intervention, coherence of effect analysis with the intervention point, addressing the intervention effect on data collection, allocation concealment, addressing incomplete data, and selective outcomes reporting.
Results
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for reporting systematic reviews and meta-analyses of studies was used as a guideline (Liberati et al., 2009; Tacconelli, 2010) .
Results of the Search
A total of six articles were included in the final data set for this review (see Figure 1 for a detailed flow chart). Among these six studies, only one was obtained from the database search and the remaining five were from the review conducted by Luangasanatip et al. (2015) . Accuracy of data was independently verified for discrepancies by all three reviewers.
Overall Description of Results
Two studies evaluated single-component interventions such as education or training related to hand hygiene (Gould & Chamberlain, 1997; Huang et al., 2002) ; universal precautions and epidemiology were often included in these trainings. Two studies combined education with other strategies such as feedback and audits (Dubbert, Dolce, Richter, Miller, & Chapman, 1990; Salamati, Poursharifi, akbar Rahbarimanesh, Koochak, & Najafi, 2013) . Dubbert et al. (1990) combined education with feedback in the form of audits and displayed results on a poster, while Salamati et al. (2013) Records from electronic search excluded after title and abstract screen (n = 299)
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Interrupted Times Series (n = 2) the effect of feedback and electronic reminders on HHC. The study conducted by Huis et al. (2013) involved multidimensional strategies including a combination of interventions such as educational training, feedback, reminders, product availability, the addition of incentives, accountability, goal setting, and the involvement of unit leaders. Table 1 provides a brief summary of the results from the 6 studies included in this review. Studies and effects of interventions are detailed in the ensuing text, and they are organized based on the research method that was used by the research team (two ITS, one CBA, and three RCTs). Dubbert et al. (1990) . In their ITS, Dubbert et al. (1990) conducted a study in a 12-bed intensive care unit (ICU) where data were recorded for 18 nurses. Baseline measurements were obtained by direct observation, and nursing staff was informed that observers were recording whether hand hygiene occurred after patient contact or a critical procedure. The observers were two individuals trained by the infection control nurse (ICN), who were present on the unit between 8 A.M. and 9 A.M. each weekday, as this was deemed to be the period when most nurses on duty had patient contact. No details about inter-rater reliability were provided.
Interrupted Times Series
After 6 weeks of baseline observations, two 4-week interventions were introduced. The first was a series of four 15-min classes taught within a 1-week period by the ICN. The class reviewed critical procedures that require hand washing and the rationale for hand washing after contact with patients. Four weeks after the first intervention, the second one was introduced. It involved providing feedback in the form of a poster revealing results of audits conducted on HHC. The feedback included specific information about the nature of any errors involving critical procedures, but did not identify individual subjects.
The unit of analysis was the nurse and the outcome measure was the percentage of HHC after patient contact and critical procedures. This study reported that after the educational training session, HHC increased from 81% to 94% but declined after 3 weeks; however, after the All of the planned sessions were not given.
Continued
Journal of Nursing Scholarship, 2017; 49:2, 143-152. addition of the second strategy, HHC increased to 92% and this rate was maintained for 4 weeks. Dubbert et al. (1990) addressed the possibility of the Hawthorne effect having an impact on the results by highlighting the fact that there was a high baseline rate of compliance (81%) compared to a baseline compliance rate of 63% in a study they previously conducted when staff was unaware that they were being observed (Mayer, Dubbert, Miller, Burkett, & Chapman, 1986) . They did, however, comment on the fact that hand washing increased after educational training and feedback, so the results could not be solely attributed to staff's awareness of being observed. Radhakrishna et al.'s (2015) ITS intervention focused on feedback and reminders. The aim was to determine if visual feedback and electronic reminders would increase the usage of hand sanitizer. They randomly assigned 24 beds in an open-layout ICU to the control or the intervention arm. Ten beds were assigned to the intervention arm and 14 beds were used as controls. The method of random allocation was not specified.
The intervention consisted of a hand hygiene system used to alert staff of an opportune moment for hand hygiene. The hand sanitizer unit with motion sensor was placed on the trolley in the intervention group that corresponded to the right-hand side of the patient. The HCW would carry a radiofrequency identification card, and whenever they approached the patient's bedside, the system would remind the HCW to perform hand hygiene by flashing a light that would illuminate the entire hand sanitizer dispenser. If the HCW did not perform hand hygiene, the hand sanitizer would continue to light up for an additional 10 s.
The outcome measure was the increase in the usage of hand sanitizer. Although a greater increase in the usage of hand sanitizer was found in the intervention group compared to the control group (p < .05), baseline measurements in both groups were not specified; however, a consistent increase in sanitizer use was observed in the intervention group 4 months after the end of the intervention demonstrating sustainability. The study reported that the behavioral change that caused an increase in the intervention arm was carried over to the control arm. This study also highlighted the decrease in the usage of hand sanitizer as the nurse's shift progressed. Gould and Chamberlain (1997) conducted a CBA on four matched surgical wards in the same hospital to evaluate the effect of an educational intervention on HHC. Two wards were randomly assigned to the experimental group and the remaining two to the control group. The method of random allocation was not specified. There were 25 nurses assigned to each group. The nurses in the experimental group received an educational teaching session. Baseline data were collected for both groups by individually shadowing each nurse for 2 hr. The possibility of the Hawthorne effect was mentioned but assumed to have an unlikely effect due to the low baseline rate of compliance, and although the nurses knew they were being observed, they were not aware that moments and duration of hand washing were being measured.
Controlled Before and After Studies
In this study, Gould and Chamberlain (1997) had to cancel half of their teaching sessions because the wards were too busy, resulting in some of the nurses not being able to receive the entire content of the educational program. This study reported an increase in HHC from 54% to 58% after 3 months; however, these results may be skewed due to the fact that at the 3-month follow-up, the investigators were only able to obtain data from 31 nurses-16 in the experimental group and 15 controls. The sample size was therefore small and did not have adequate power for detecting a significant difference. The unit of analysis was the nurse and the outcome measure was the number of hand washing events after activities deemed to be high risk for crosscontamination.
Randomized Controlled Trials
In their RCT, Huang et al. (2002) conducted a study to evaluate the impact of an educational intervention on the rates of HHC. One hundred nurses were then randomized to either the control or the experimental group (method for random allocation was not specified). Data were collected using a behavior observation checklist completed by three nurse investigators prior to and 4 months after training. The investigators were also the observers and it was not specified if they were blinded to group allocation, and no inter-rater reliability testing was reported. The outcome measure was percentage rate of hand hygiene performed. After 4 months, this study reported that HHC in the experimental group increased from 51% to 86% before patient contact and from 75% to 91% after patient contact while the control group did not show a significant difference in behavior. These results demonstrate a shortterm sustained effect; however, longitudinal sustainability is inconclusive. The possibility of a Hawthorne effect was not discussed, but if it existed, both groups would have been impacted.
The second RCT included in this review was conducted by Salamati et al. (2013) , who investigated the effectiveness of education and motivational interviewing on rates of HHC. The researchers recruited 128 nurses and separated them into three classes based on job descriptions.
They were then randomly assigned to the control or the experimental group using the table of random numbers. Data from 64 nurses in each group were collected by observation; however, the nurses were unaware that they were being observed by an infection control supervisor. The same infection control supervisor observed each nurse from the control and experimental group. Interrater reliability was not discussed and there was no blinding in this study. The unit of analysis was the individual nurse and the outcome measure was HHC; however, it was not specified which moments for hand hygiene were being monitored. The researchers reported that education alone improved HHC rates of nursing personnel among the first and third classes in the control group, but a combination of interventions were shown to have a greater effect on HHC for the same classes in the experimental group (p < .001 for experimental group compared to p = .013 in control group). A significant improvement in rates of HHC for nurses in the second group with either method was not observed. This was attributed to the small sample.
Finally, Huis et al. (2013) conducted a cluster RCT in 67 nursing wards of three hospitals. Baseline data were collected prior to randomization. A computer-generated random procedure allocated the wards to either group (30 to the experimental group and 37 to the control group), and the student nurses, used as observers, were masked to cluster allocation. The intervention consisted of multimodal strategies that included involvement of unit leaders, and the effects were evaluated by comparing the post-strategy HHC rates with the baseline rates. The unit of analysis was the entire team of nurses and the outcome measure was the percentage of HHC. Using unobtrusive rather than direct observation controlled for the Hawthorne effect. The multimodal intervention combined with a team-and leaders-directed strategy showed an increase in HHC from 20% to 53% and remained at 53% 6 months postintervention. Random regression analysis was used to assess the impact of the intervention. The analysis showed a significant odds ratio of 1.64 in favor of the experimental group.
Risk of Bias Across the Studies
This review is subjected to a certain degree of publication bias since only English-language articles were included. Overall, there is a potential issue with generalizability in most of the studies included in this review due to the lack of explicit sample size power analysis. Only one study had a power analysis for sample size and a safe attrition margin (Huis et al., 2013) .
Discussion
Overall, the results from this systematic review specific to nurses are similar to those of Luangasanatip et al. (2015) . Multimodal, single-component, or dual interventions to improve HHC in nurses have all been demonstrated to be effective to some extent. High rates of HHC and longest sustainability were found with a multimodal and team leader-directed strategy that incorporated education, reminders, feedback, changes in facility layout, product availability, and the support of a team leader or manager (Huis et al., 2013) . Other studies reported significant increases in HHC after the introduction of an educational intervention (Huang et al., 2002) as well as feedback combined with education (Dubbert et al., 1990; Salamati et al., 2013) ; however, only one study reported a sustained compliance (Dubbert et al., 1990) . This suggests that individuals are not the only ones to be blamed for poor HHC; issues in the system may also be influential.
Theoretical as well as health interventions studies not specifically targeting HHC could be informative in improving sustainable HHC in nurses. For instance, a recent review highlighted a number of influential factors that help make audits and feedback effective in quality improvement interventions among healthcare professionals, such as low baseline performance or feedback coming from a supervisor or colleague that is provided more than once either verbally or written and that includes explicit goals and an action plan (Ivers et al., 2012) . Research under the theory of planned behavior further suggests that individuals' intentions and perceived control are major predictors of behavioral change (e.g., Armitage & Conner, 2001; Godin & Kok, 1996) . However, a number of social cognition theories (e.g., Ryan & Deci, 2000) suggest that effective behavioral changes occur primarily in motivated individuals.
Implications for Practice
Managers and healthcare providers should continue to promote HHC using the WHO-5 recommendations for performing hand washing, which include (a) before patient contact, (b) before an aseptic technique, (c) after exposure to bodily fluids, (d) after patient contact, and (e) after contact with a patient's surroundings. As described in the present review, HHC education, feedback and support from a team leader, accessibility, and visual reminders of hand hygiene are all elements that appear to increase HHC in nurses. Furthermore, as highlighted by Luangasanatip et al. (2015) , it is important to add goal setting, reward incentives, and accountability for further improvements. Also, including a discussion within the patient safety and HHC interventions about intentions, personal control, and motivation could be beneficial (Armitage & Conner, 2001; Godin & Kok, 1996; Ivers et al., 2012; Ryan & Deci, 2000) .
Strengths and Limitations of the Study
A particular strength in this review is that it is the first one to report findings solely on nurses. This study also has several limitations. Firstly, studies varied in reporting and some failed to report randomization and blinding of participants and observers. Few studies provided long-term follow-up of at least 6 months. There is also a need for studies with robust methodological quality such as adequately powered RCTs. Also, each study measured HHC at different moments. Third, since direct observation is the main method for measuring HHC, the Hawthorne effect can lead to an increase and overestimation of compliance that cannot be directly attributed to the intervention. Finally, since only studies published in English were included, other relevant studies may have been missed.
Conclusions
Results are consistent with findings reported by Gould et al. (2010) and Luangasanatip et al. (2015) on interventions to improve HHC among HCWs. Single-component interventions were shown to improve HHC, but evidence showed sustainable and greater improvements with multimodal strategies in addition to goal setting, reward incentives, and accountability. However, there continues to be a need for future research to address low rates of HHC among nurses and other HCWs.
